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(57) Abstract: A method of monitoring or predicting corrosion using a Held signature method is provided which is intended to be 
applicable to non-linear locations, such as bends, junctions and the like. The method includes obtaining information on a relationship 
which links voltage measurements, obtained for a location, between two or more electrical contacts in contact with the location at 
a first time and one or more other times when a current is passed through the location, to the loss of material from the location. 
The information on the relationship is used in a modelling process which includes the generation of a model of the location, two or 
more points on that location and modelling the values generated for the voltages which will be measured between the two or more 
points with a current applied to the location al a first and at least at a second time. The mode) including a change in configuration 
of the location between the first time and the second time so as to model loss of material from the location. The relationship has the 
expression of a relationship between a factor relating to the model voltage values and a factor relating to the change in configuration 
and/or location. 
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IMPROVEMENTS IN AND RELATING 
TO MONITORING OF LOSS OF MATERIAL 

This invention concerns improvements in and relating to monitoring of loss of 
material, particularly, but not exclusively, in relation to monitoring erosion through the use 
of field signature method based investigations and model based predictions of factors 
involved in such investigations. 

The field signature method is based upon feeding a direct current through a 
location and measuring the electric field which is generated as a result using an array of 
electrical contacts on a surface of the location. Changes in the magnitude and shape of the 
electric field over time can provide significant information on corrosion occurring at the 
location. 

Whilst variations in the voltage between one or more pairs of contacts over time 
are fairly well understood for linear pipelines and the like, the physical circumstances 
represented by variations in the voltage for one or more pairs of contacts in other 
configurations of the location under investigation are far less understood. 

The present invention aims to provide for wider applicability of field signature 
based techniques by obtaining information about one or more of the factors involved in the 
characterisation of erosion from measured results, using models to derive those 
characteristics. The present invention aims to provide for wider applicability of field 
signature based techniques to measurements of erosion in a variety of non-linear locations, 
such as bends, junctions and the like. 

According to a first aspect of the invention we provide a method of obtaining 
information on a relationship which link voltage measurements, obtained for a location, 
between two or more electrical contacts in contact with the location at a first time and one 
or more other times when a current is passed through the location, to the loss of material 
from the location, the information on the relationship being obtained by a modelling 
process, the modelling process including generating a model of the location, the model 
including two or more points on that location, modelling the values generated for the 
voltages which would be measured between the two or more points with a current applied 
to the location at a first time and at least at a second time, the model including a change in 
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configuration of the location between the first time and the second time to model loss of 
material from the location, the relationship being an expression of the relationship between 
a factor related to the model voltage values and a factor related to the change in 
configuration of the model location. 

Preferably the information on the relationship is used in a method of investigating 
material loss from an actual location, but the information on the relationship may be used 
to build up a database of computer models. 

In relation to the actual location being considered, preferably voltage 
measurements using two or more electrical contacts in contact with the location are made. 
Preferably the voltage between two or more electrical contacts at a first time and at one or 
more other times is measured. A current is preferably passed through the location at the 
time of the voltage measurements. The voltage measurements obtained preferably provide 
information on the loss of material from the location with time. Preferably an expression 
of the actual loss of material is obtained using the relationship and the voltage 
measurements. 

Further options, possibilities and features for the first aspect of the invention are 
set out below. 

According to a second aspect of the invention we provide a method of 
investigating loss of material from a location, the method including :- 

defining the location and providing two or more electrical contacts in contact with 
the location; 

measuring the voltage between two or more electrical contacts at a first time and 
at one or more other times, a current being passed through the location at the time of the 
voltage measurements, the voltage measurements providing information on the loss of 
material from the location with time, the information on material loss being obtained using 
a relationships which links the voltage measurements to the loss of material, 

information on the relationship being obtained by a modelling process, the 
modelling process including generating a model of the location, the model including two or 
more points on that location, modelling the values generated values for the voltages which 
would be measured between the two or more points with a current applied to the location at 
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a first time and at least at a second time, the model including a change in configuration of 
the location between the first time and the second time to model loss of material from the 
location, the relationship being an expression of the relationship between a factor related to 
the model voltage values and a factor related to the change in configuration of the model 
location. 

The first and/or second aspect of the invention may include any of the following 
features, options or possibilities. 

The loss of material may be due to corrosion and/or erosion and / or chemical 
attack of the location. The loss may be evenly distributed about the location. The loss may 
be unevenly distributed about the location, for instance greater loss may occur on the 
outside of pipe bends compared with the inside and / or greater loss may occur where there 
is pitting or other such loss. No material loss has preferably occurred at the time of the 
first measurement of the location. 

The location is preferably an actual location potentially subjected to material loss. 
The loss may arise due to the environment with which the location is contacted. Only a 
part of the location, for instance the inside, maybe contacted with the loss causing 
environment. In particular the location may be a non-linear piece of a pipeline, for instance 
a curve and/or bend and/or junction between two or more pipelines. In particular the 
location may be a linear and / or non-linear piece for which localised material loss is 
anticipated, for instance due to pitting, cracks or the like. 

Preferably all the electrical contacts are provided on a single mounting unit. 
Preferably the separation of two or more, ideally all, of the electrical contacts is fixed in 
one or more directions. The separation may be fixed in all directions, optionally apart from 
potential movement into or out of the mounting unit. The electrical contacts may be 
moveable, for instance being spring loaded, perpendicular to the surface of the mounting 
unit. The electrical contacts may be provided in a permanent position, for instance by 
welding. 

The electrical contacts may be provided by pins or other electrically conducting 
elements. Preferably the electrical contacts are resiliently forced into contact with the 
location, for instance by springs. The electrical contacts may be provided in pairs, 
preferably with the voltage between predefined pairs being measured during the 
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investigation. The electrical contacts and/or pairs of electrical contacts may be evenly 
spaced along the direction of current flow and/or unevenly spaced along the direction of 
current flow. Electrical contacts may be provided throughout the location, in the direction 
of current flow and/or perpendicular to the direction of current flow. The electrical 
contacts may be provided all around the cross-section of the location. The method may 
involve measuring the voltage for one or more pairs of electrical contacts simultaneously. 
Four or more and preferably eight or more pairs may be considered simultaneously. The 
number of pins provided may be between 8 and 256 pins, more preferably between 16 and 
128 pins and ideally between 24 and 64 pins. 

The electrical contacts may be provided by a mounting unit. The mounting unit is 
preferably provided with one or more surfaces configured to match one or more surfaces of 
the location to be investigated, ideally to match at least one internal surface of the location. 
Preferably the electrical contacts are provided on or associated with the one or more 
matching surfaces. Preferably the electrical contacts project outward from the mounting 
unit. 

The mounting unit may be clamped or otherwise releasably fixed in position once 
introduced to the location. The mounting unit may be provided in a permanent position 
once introduced to the location, for instance by welding. 

The voltage measured may increase in voltage as corrosion progresses. The 
variation in voltage with time may occur evenly for all the respective electrical contacts 
considered. The variation in voltage with time may occur unevenly for all the respective 
electrical contacts considered. The variation may occur at an even rate over time. The 
variation may occur at an uneven rate over time. 

The voltage measurements may be made after the current has started. Preferably 
the voltage measurements are made at least 200ms" 1 after the current has been applied. 
Preferably the voltage measurement is made within 800ms* 1 of the current being applied. 
Preferably the voltage measurements are made after the current stops preferentially flowing 
in the surface part of the sample. Preferably the voltage is steady when the voltage 
measurements are made. 

Preferably the temperature of the two or more electrical contacts is measured at 
one or more of the first time and one or more other times. Preferably the temperature is 
measured each time a voltage is measured. The temperature of the two or more electrical 
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contacts may be measured by measuring the temperature of the electrical contacts. The 
temperature of the two or more electrical contacts maybe measured by measuring the 
temperature of the location. The temperature of the two or more electrical contacts may be 
measured by measuring the temperature of the environment surrounding the two or more 
electrical contacts. 

Preferably the voltage measurements are compensated for temperature variations 
at the electrical contacts and / or location and / or reference location and / or the 
environments thereof. 

The voltage measurement at the first time may define a baseline voltage or 
voltages against which corrosion is considered and/or define a thickness of material 
forming the location or one or more parts thereof and/or define the shape of the electric 
field against which variations can be considered. 

Preferably the first time is before the one or more other times. The one or more 
other times may be at regular intervals relative to the first time. 

Preferably the method includes providing a power source external of the location 
to provide an applied current. The power source may be a mains power source or portable 
power source, such as a battery. The power source may provide the same or a different 
current level for respective measurements. 

The current is preferably a DC current and particularly a square wave DC current. 
The DC current may be provided in a single direction but is more preferably applied in 
both directions, ideally alternately. The current may be applied for between 200 and 
2000ms' 1 per time and more preferably between 500 and 1000ms* 1 . 

The current may be introduced to the location towards one end thereof and leave 
towards the other end thereof. The current may be introduced and/or exit by a current 
contact unit. Preferably the current contact unit and / or electrical contacts are configured 
to match one or more surfaces of the sample. The current contact unit or units may be 
provided in permanent contact with the location, for instance by welding. 

The voltage measurements for the sample may indicate a general level of loss 
from the location, preferable through consistent variation between the various electrical 
contact voltages measured for the location and the baseline obtained. The voltage 
measurements for the location may indicate specific corrosion from parts of the location, 
preferably through inconsistent variation between the electrical contact voltages at one or 
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more parts of the location and the baseline and the variation between electrical contact 
voltages at one or more other parts of the location and the baseline. 

The information on material loss may be a maximum thickness of loss and/or 
mass of lost material and/or rate of loss. 

Preferably the modelling process is a computer modelling process. The modelling 
process may generate a three dimensional model of the location. The model may generate 
the model of the location using a plurality of nodes. Preferably at least 50 such nodes are 
used to model the geometry of the location, but the number may extend to 10,000 or even 
more. Preferably the modelling process includes information on the electrical resistance of 
the material and / or materials forming the location. Preferably the modelling process 
includes information on the configuration and / or cross sectional profile and / or thickness 
of the material or materials forming the location. 

Preferably a node is provided in the model for each pin in the actual measurement 
apparatus. Preferably the nodes have corresponding position and / or separation relative to 
the pins they represent. 

Preferably the modelling process includes applying a model electric current.to the 
model location and calculating the induced voltage at two or more of the nodes and ideally 
at all of the nodes forming the model of the location. Preferably the modelling process 
includes the extraction of model voltages for the nodes corresponding to the pin positions 
in the actual apparatus. Preferably the modelling includes a calculation of voltage 
differences between node pairs. Preferably the modelling process includes calculating such 
voltages and / or voltage differences at the first time, ideally with no material loss, and at 
one or more other times with material loss. Preferably at least ten times are calculated 
using the model. The modelling process may include a comparison of the signal from all 
known pairs and / or all pins pairs. 

The model may simulate material loss by reducing the number of nodes used to 
simulate the location and / or by moving one or more of the nodes simulating the location. 

The modelling process preferably includes the generation of a model of one or 
more locations. One or more location types maybe modelled, for instance, curves, angle 
bends, junctions. One or more different sizes of locations may be modelled, potentially for 
the different types as well. One or more different materials may form the location within a 
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model and/or between different models. The model location may be a size and/or 
configuration and/or material match to an actual location of interest for investigation. 

The model may include points which are equated to electrical contacts and/or are 
the points at which voltage measurements are considered or generated by the model. The 
points may correspond to the position of electrical contacts in actual measurements. 

The current applied in the modelling may correspond to the current level and/or 
other characteristics applied in actual measurements. 

The first and/or second time of measurement consideration in the model may 
correspond to the first time and/or one or more of the other times of a measurement 
process. 

The change in the configuration of the model location may involve a reduction in 
thickness of one or more parts of the location. The thickness of the model location may be 
reduced in thickness evenly along the length of the location and/or perpendicular to the 
length. The thickness of the model may be reduced in thickness unevenly. The thickness 
may be reduced preferentially in one or more parts of the location were preferential 
material loss is anticipated. A phased increase in the extent of material loss may be 
provided between those parts of the location where no preferential loss is anticipated and 
those locations were the anticipated preferential loss is greatest. The change in 
configuration may be achieved by decreasing the exterior extent of the location. The 
change in configuration may be achieved by increasing the interior extent of a void. For 
instance, one or more dimensions of an opening within a location, for instance a pipeline, 
may be increased. 

It is particularly preferred for locations with a circular cross-sectioned interior 
opening to increase the diameter of the opening. The centre of the opening may be kept in 
the same position, for instance to provide even material loss. The centre of the opening 
may be moved in one direction, for instance to provide preferential material loss from the 
part of the location in that direction. The level of increase may vary along the location's 
extent, for instance by increasing the dimension to different extents. 

The method may include a comparison of the voltage differences, or more 
preferably a fingerprint coefficient, for one or more nodes / pin pairs arising from the 
modelling process with a simulation of metal loss against the voltage differences, or more 
preferably a fingerprint coefficient, arising for one or more pin pairs in the actual location. 
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The method may include the adoption of a simulation of material loss to equate to the 
material loss from the actual location if the comparison is acceptable and / or the 
consideration of an alternative model based on an alternative simulation of the material 
loss if the comparison is not acceptable. The acceptability of the comparison may be based 
on a statistical analysis and / or fitting process. 

The method may include the generation of a plurality of models based on different 
simulations of material loss and the consideration of which these models best represents 
the actual corrosion occurring, ideally due to the correspondence of the model voltage 
differences and the actual location voltage differences. 

The relationship may provide an expression of the corrosion as a thickness loss, 
proportion of material lost or other value, such as a rate of loss. The corrosion may be 
expressed in terms of the change between the as new state represented by the first time 
measurements and the corroded state of one or more of the other time measurements and/or 
in terms of the progress of corrosion from the first time onwards. 

The relationship may be a linear relationship between the factors. The 
relationship may extent from the X-Y intersection of a plot of the relationship. 

The factor relating to the model voltage values maybe a fingerprint coefficient 
and more particularly the maximum fingerprint coefficient measured for that configuration 
variation. The fingerprint coefficient maybe expressed in ppt (parts per thousand). 

The facture relating to the change in configuration for the model location may be a 
level of material loss, more particularly the maximum material loss. The maximum 
material loss may be expressed in microns. 

The relationship is preferably used to provide information on the material loss in 
the measured location, and in particular by equating a measured factor relating to the 
measured voltage to a material loss. More particularly the measured voltage factor may be 
a fingerprint coefficient, ideally the maximum fingerprint coefficient for that measurement 
time. The material loss of the measured location is preferably expressed as a thickness of 
material loss, ideally as a maximum thickness of material loss. 

The modelling of the configuration change may include both changes to reflect 
even loss of material and preferential loss of material. 
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Various embodiments of the invention will now be described, by way of example 
only, and with reference to the accompanying drawings in which: - 

Figure la illustrates the circumferential positioning of pins in a model 
and contacts on a test rig; 

Figure lb illustrates the axial positioning of a series of pins in a model 
and contacts on a test rig for considering a pipe bend; 

Figure 2 illustrates the variation in wall thickness provided by the model; 

Figure 3 illustrates the co-densities obtained for an un-eroded pipe 
according to the model; 

Figure 4 illustrates the co-densities obtained for an eroded pipe according 
to the computer model, and having non-uniform erosion; 

Figure 5 illustrates in an unwrapped, plot, the Fc coefficients determined 
using a computer model for 50 microns maximum metal loss; 

Figure 6 illustrates in an unwrapped, plot, the Fc coefficients determined 
using a computer model for 1 .5 mm maximum metal loss; 

Figure 7 illustrates the relationship between maximum Fc coefficient for 
the model and maximum metal loss; 

Figure 8 illustrates in an unwrapped, plot, the Fc coefficients determined 
using a computer model for 16 micron maximum metal loss and with the offset 
effect on the Fc coefficients removed; 

Figure 9 illustrates the relationship between maximum Fc coefficient for 
the model and maximum metal loss with the offset removed; 

Figure 10 illustrates the actual signals obtained from the test rig of 
corresponding configuration to the computer model; 

Figure 1 1 illustrates the actual results obtained from a further test rig 
sample having a similar configuration to the computer model; 

Figure 12 illustrates an alternative location which is to be modelled; and 

Figure 13a to 13d illustrate a variety of different models of how metal 
loss is occurring which can be compared with actual results. 
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Whenever an electric current is passed through a location, an electric field is 
generated. The material, thickness of material, shape and configuration of the location all 
effect the size and shape of the electric field that results. Changes in one or more of these 
potential variables effect the electric field. In particular, corrosion of a location, such as a 
pipeline, generally reduces the thickness of material, increases the resistance and hence the 
voltage drop between different positions along the location in the direct of current flow. 

The field effect method makes use of this basic principal to provide information 
on corrosion, erosion or other metal losses. The method applies an excitation current to the 
location under consideration for a short time period, fractions of a second, and measures 
the voltage drops between a large number of different pairs of electrical contacts touching 
the location. By considering the results the progress of corrosion can be evaluated. In 
general, the results are considered in terms of a fingerprint coefficient, Fc, for a given pair 
of electrical contacts with time. A reference pair of electrodes is provided on a non- 
corroding material through which the excitation current passes on its way to the location. 
This reference is generally employed so that variations, occurring between measurements, 
in a current provided by the power supply do not effect the measurements. 

The temperature of the reference pair of electrodes and different pairs of electrical 
contacts touching the location is measured so as to correct for any variation in temperature 
between measurement times, and the effect of that temperature variation would have on the 
signals arising. 

Information on general corrosion due to a general variation in the field over time 
can be investigated and monitored, and / or localised corrosion can be investigated and 
monitored where variations occur for only some of the pairs of electrical contacts. 

Whilst the relationship between corrosion and observed electric field 
configuration changes and / or voltage variations between pairs of electrical contacts is 
fairly well known for linear configurations, such as straight pipes, the more complicated 
the configuration of the location, the less is known about this inter-relationship, particularly 
where non-even or localised wear / corrosion occurs. The latter situation is of course more 
common in non-linear configurations of locations being investigated, such as pipe bends, 
pipe junctions or more specific locations where non-even wear occurs, such as pits in 
surfaces etc. 
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In most practical cases it is not a viable option to verify or calibrate field signature 
based measurements using pre and post erosion measurements using other means or 
physical inspection. The benefits of field signature based analysis are lost in such cases. 

As a consequence, there is a need to be able to relate measured voltages and 
electrical field configurations to the corrosion / erosion actually occurring within a location 
with a sufficient degree of accuracy to be confident in the link. 

With a view to providing a technique for determining such a relationship, the 
present invention uses a technique based around a computer model of the location under 
investigation to obtain predicted values for the characteristics which link the actual 
measured signature to the actual corrosion arising in the real life location being 
investigated. As a first example, a pipe bend is considered. 

As shown in Figure la, a series of electrical contacts in the form of pins are 
positioned along the length of the pipe at various positions around a circumference of the 
pipe length. Thus pins 25 to 32 are positioned along the top of the pipe length, whereas 
pins 57 to 64 are positioned along the bottom of the pipe length. This configuration is 
shown more clearly in Figure lb where the length of the pipe is viewed. The pins are 
provided at regular spacing, but irregular spacings could be used. This configuration of 
pins is used to obtain actual measurements of the voltage drops between pin pairs for the 
real life location being investigated. 

It is preferred that this configuration of pins is used to generate the positions of a 
series of nodes in the computer model which are equated to the pins and hence the voltage 
drop measurement locations. Using this configuration of nodes pins in a computer model, 
the effect of erosion on the field signature is considered. In the model it is assumed that 
the maximum loss will occur towards the mid-point of the outside of the bend, namely 
somewhere between pins 28 and 29 in Figure la. The erosion is simulated in the model by 
increasing the internal pipe diameter from the left hand illustration of Figure 2 to the 
configuration in the right hand illustration. Thus the diameter is increased, but the 
thickness on the inside of the bend is maintained; in effect the centre of the increasing 
diameter is moved from left to right as the diameter is increased. 

" The model basically generates a representation of the location to be investigated, 
takes into account the material or materials it is made of so as to account for their 
resistance, the thickness and / or cross sectional profile of the location throughout its 
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extent, and potentially other factors effecting the electric field arising when a current is 
passed. Such a model can for instance be generated using the finite element analysis (FEA) 
package from ANSYS and in particular using the module EMAG (3-D version). 

By passing a current through the location modelled and calculating the induced 
voltage at each node corresponding to a pin location, a model measurement of the electric 
field for the location in that configuration can be obtained. The model can then be varied, 
for instance to simulate loss of material from one or more parts of the location, and the 
process can then be repeated to obtain a model of the electrical field and consequently of 
the voltage differences for the relevant nodes. 

The voltage difference found between adjacent nodes representing pins in the 
model with no defect gives the original voltage, and this is compared with the voltage as 
the defect grows to give the FC coefficient, into the computer model By comparing the 
signal from all node pairs which correspond to pin pairs (for instance in the form of 
contour plots) the geometries of the defect in the model and on the actual location can be 
compared. In principal, the relationship between signal and metal loss can be derived for 
any node pair / pin pair, but in practice this generally only needs to be done for the region 
exhibiting maximum metal loss as that is the region of most concern on the location. 

To enable the model to work successfully, the model needs to contain sufficient 
nodes (both nodes corresponding to pins and other nodes) to allow the geometry of the 
location being investigated to be described with sufficient accuracy to reflect the actual 
location. Additionally, the metal loss needs to be simulated or ideally mimicked with as 
great a degree of accuracy as possible. This could be achieved by a number of methods, 
and in particular by simulating metal loss by deleting nodes (other than those representing 
pins) and / or by moving the position of nodes (other than those representing pins). 

Using this principal, a model for both the uneroded and eroded pipe was generated 
for a location configuration comprising a 90° bend radius of 90mm with a pipe of outside 
diameter 30mm and 3mm wall thickness constructed in 1 1 segments. One end of the pipe 
was held at ground potential in the model, and the other end of the pipe was injected with a 
current of 20amps. The wall thickness of segments 1 and 1 1 remain constant whilst the 
wall thickness on the outside of the bend of segment 6, the mid-section, was reduced in a 
series of steps, 0.01, 0.02, 0.03, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1 and 
2.4mm. Metal loss of intermediate segments was reduced proportionally. 
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Variations in current density arising obtained from considering the voltage drops 
from between the adjacent nodes / pins for the large series of nodes / pins can be used to 
give the fingerprint coefficient according to the formula: - 

V xn " V xn+1 

Fc x = — 1 X lOOOppt 

where Fc x = fingerprint coefficient at x mm maximum metai loss; v M and v^ are the 
voltages at adjacent nodes / pins at x mm maximum metal loss; and v^ and v 0a+1 are the 
voltages at adjacent nodes / pins with no metal loss. 

Fc coefficients derived according to this formula can be obtained for the various 
locations oh the pipe. If the pipe is along its length at the 9 o'clock position, and the plot is 
flattened out, then the type of illustration represented by Figures 5 and 6 are obtained. 
Figure 5 illustrates the position with 50 microns maximum metai loss being calculated, 
whereas Figure 6 illustrates the position of 1.5 mm maximum metal loss. In each of these 
plots, whilst no metal loss occurred on the outside of the bend, the 9 o'clock position, an 
increase in the fingerprint coefficient was obtained. This is because the erosion represents 
an overall reduction in the cross sectional area of the pipe, and as a consequence an 
increase in the local current density. 

The relationship between maximum metal loss which is a variable known in the 
model and the maximum Fc coefficient ppt which is determined from the results arising 
from the model can be represented graphically as shown in Figure 7, and hence allows any 
maximum Fc coefficient to ppt to be related to the maximum metal loss in microns. This 
relationship is useful in considering actual test results for configurations of generally the 
same configurations of the model location. 

The relationship can be more usefully refined, however, if an account for non- 
localised wear is made, and if variations in the applied current are accounted for. 
Removing these offsets results in the Fc coefficients displayed in Figure 8, on this occasion 
for 60 micron maximum loss of wall thickness, and once again, the maximum metal loss 
and maximum Fc coefficient can be represented graphically against one another in this 
corrected form as shown in Figure 9. In the case of Figure 7 the maximum metal loss in 
microns equals -0.0095Fc 2 + 7.42Fc whereas in the offset corrected formula of Figure 9, 
the maximum metal loss in microns equals -0.001 3 Fc 2 + 8. 18Fc. 
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To illustrate the applicability of this maximum metal loss determining function 
obtained from the model against real life situations, tests for matching model and test rig 
location configurations were undertaken. Test rig results are shown in Figure 10 for one 
such test, and a comparison of Figure 8 indicates that the model reasonably simulates the 
geometry of the localised defect. 

Results for an alternative test rig sample, presented in Figure 11, again a 
reasonable comparison is obtained. The maximum Fx coefficient gives a localised metal 
loss of 90microns, and this when added to a general erosion loss (estimated to be between 
25 and 50microns), gives a total metal loss of 150 to 145 microns as the prediction. 
Ultrasonic inspection of the actual test rig sample gave an erosion of 130 microns. 
Prediction of actual maximum metal loss occurring in real world vocations, therefore, 
based on characteristics obtained by modelling similar configurations gives an accuracy of 
measurement equivalent to ultrasonic investigation, but with better resolution as to the 
location of such localised corrosion. 

Whilst the technique is exemplified above in relation to corrosion / erosion of the 
outside of a pipe bend, it is applicable to any situation where corrosion / erosion / metal 
loss can be simulated or mimicked using one or more models. For instance, it is possible 
to consider the real life location illustrated in Figure 12 where flow along pipe X is 
indicated by arrow A, and splits at the junction to give flow in pipes Y and Z according to 
arrows B and C respectively. The impact of the flow on the outside of the junction at 
location Q may lead to dish style erosion / corrosion progressing. Again, this type of 
location can be modelled and the electric field and voltage drops modelled also with 
progressing corrosion simulated by reducing the material thickness throughout the general 
location Q, but with the reduction in metal thickness being greatest at the centre and of 
decreasing extent and separation away from that centre increases. 

The technique is also applicable to considering locations where more localised 
and potentially less readily predictable corrosion / erosion / metal loss might occur. For 
instance as illustrated in Figure 13, a part of an overall location, for instance a pipe, is 
illustrated in which quite localised corrosion / erosion / metal loss is occurring in the form 
of a pit over time. In Figure 13a, the configuration of the pit shortly after its occurrence4 is 
illustrated. Pitting, however, may be less predictable than the type, of material loss referred 
to above. However, it is possible to generate a variety of computer models of how the 
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metal loss might occur with time to obtain model results relating to elongate pitting, Figure 
13b, as might occur along a seem or flaw; deep pitting, Figure 13c, as might occur due to a 
localised but deep flaw and / or multiple small pitting, Figure 13 d, as might occur due to a 
more generalised issue with such a part of a location. In practice, the models results 
obtained from one or more of these scenarios can be compared with the results obtained 
from the actual real life location with time, with the most appropriate model being selected 
to quantify the metal loss occurring. 

In general terms, the computer model can be used to enable the relationship 
between metal loss and Fc coefficient to be determined so long as the geometry of the 
metal loss that is occurring in practice can be satisfactorily duplicated in one or more 
models of the situation. 
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CLAIMS: 

1 . A method of obtaining information on a relationship which link voltage 
measurements, obtained for a location, between two or more electrical contacts in contact 
with the location at a first time and one or more other times when a current is passed 
through the location, to the loss of material from the location, the information on the 
relationship being obtained by a modelling process, the modelling process including 
generating a model of the location, the model including two or more points on that 
location, modelling the values generated for the voltages which would be measured 
between the two or more points with a current applied to the location at a first time and at 
least at a second time, the model including a change in configuration of the location 
between the first time and the second time to model loss of material from the location, the 
relationship being an expression of the relationship between a factor related to the model 
voltage values and a factor related to the change in configuration of the model location. 

2. A method of investigating loss of material from a location, the method including: - 
defining the location and providing two or more electrical contacts in contact with 

the location; 

measuring the voltage between two or more electrical contacts at a first time and 
at one or more other times, a current being passed through the location at the time of the 
voltage measurements, the voltage measurements providing information on the loss of 
material from the location with time, the information on material loss being obtained using 
a relationships which links the voltage measurements to the loss of material, 

information on the relationship being obtained by a modelling process, the 
modelling process including generating a model of the location, the model including two or 
more points on that location, modelling the values generated values for the voltages which 
would be measured between the two or more points with a current applied to the location at 
a first time and at least at a second time, the model including a change in configuration of 
the location between the first time and the second time to model loss of material from the 
location, the relationship being an expression of the relationship between a factor related to 
the model voltage values and a factor related to the change in configuration of the model 
location. 
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3. A method according to claim 1 or claim 2 in which the modelling process is a 
computer modelling process and the modelling process generates a three dimensional 
model of the location. 

4. A method according to any preceding claim in which the modelling process 
includes information on the electrical resistance of the material and / or materials forming 
the location and / or configuration and / or cross sectional profile and / or thickness of the 
material or materials forming the location. 

5 . A method according to any preceding claim in which a node is provided in the 
model for each pin in the actual measurement apparatus, the nodes have corresponding 
position and / or separation relative to the pins they represent. 

6. A method according to any preceding claim in which the modelling process 
includes applying a model electric current to the model location and calculating the 
induced voltage at two or more of the nodes, and ideally at all of the nodes, forming the 
model of the location. 

7. A method according to any preceding claim in which the modelling process 
includes the extraction of model voltages for the nodes corresponding to the pin positions 
in the actual apparatus and a calculation of voltage differences between node pairs. 

8. A method according to any preceding claim in which the modelling process 
includes calculating such voltages and / or voltage differences at the first time, ideally with 
no material loss, and at one or more other times with material loss. 

9. A method according to any preceding claim in which the change in the 
configuration of the model location involves a reduction in thickness of one or more parts 
of the location. 

10. A method according to any preceding claim in which the method includes a 
comparison of the voltage differences for one or more nodes / pin pairs arising from the 
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modelling process with a simulation of metal loss against the voltage differences arising 
for one or more pin pairs in the actual location, the method including the adoption of a 
simulation of material loss to equate to the material loss from the actual location if the 
comparison is acceptable and / or the consideration of an alternative model based on an 
alternative simulation of the material loss if the comparison is not acceptable. 

11. A method according to claim 10 in which the acceptability of the comparison is 
based on a statistical analysis and / or fitting process. 

12. A method according to any preceding claim in which the method includes the 
generation of a plurality of models based on different simulations of material loss and the 
consideration of which these models best represents the actual corrosion occurring, ideally 
due to the correspondence of the model voltage differences and the actual location voltage 
differences. 

13. A method according to any preceding claim in which the relationship provides an 
expression of the corrosion as a thickness loss, proportion of material lost or other value, 
such as a rate of loss. 

14. A method according to any preceding claim in which the factor relating to the 
model voltage values is a fingerprint coefficient and more particularly the maximum 
fingerprint coefficient measured for that configuration variation. 

15. A method according to any preceding claim in which the relationship is used to 
provide information on the material loss in the measured location, and in particular by 
equating a measured factor relating to the measured voltage to a material loss. 
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